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The prevalence of Escherichia coli carrying resistance factors (R factors) was
examined in meat-consuming individuals and in those not consuming meat (vege-
tarians and babies below the age of 6 months). Assuming that the transport of re-
sistant E. coli from animals through meat and meat products to the human con-
sumer is most important, with regard to the incidence of resistant E. coli in man,
we expected a significant difference in the proportions of people with resistant E.
coli between the two groups. However, the percentage with resistant E. coli was
larger in the group of vegetarians and babies than in the group of meat-eating in-
dividuals.

In many countries, small amounts of anti-
biotics (penicillin, streptomycin, tetracycline)
are added to feeds to promote the growth of the
animals. These amounts usually do not exceed
20 Mg/g. Larger amounts (up to 100 ,ug/g) are
used to prevent certain diseases in particular
groups of animals, for instance, fattening calves.
The nonmedical use of antibiotics has created a
reservoir of Enterobacteriaceae, mainly E. coli,
which are resistant to one or more of the drugs
used (18; P.A.M. Guinee, Ph.D. Thesis, Univ.
of Utrecht, 1963; M.P. Starr and D.M. Reynolds,
Bacteriol. Proc., p. 15, 1951).

This resistance is often transferable due to
the presence of functional resistance factors or
R factors (2, 19, 20).
R factors may be exchanged between all genera

of the Ezterobacteriaceae. When R factor-carrying
strains of animal origin are ingested by man, the
resistance may be transferred to pathogenic
microorganisms (Salmonella, Shigella). Anti-
biotic treatment of infections caused by such
resistant bacteria becomes ineffectual (12, 21).
Therefore, it is important to evaluate the sig-
nificance of animal R+ E. coli strains for human
health. However, this evaluation is complicated
by the fact that E. coli in general, though of
fecal origin, has a ubiquitary prevalence. For
the Netherlands, the following rough estimation
might be explanatory.
Each member of the human population (13 x

106) excretes daily an average of 200 g of feces,
harboring 105 E. coli per gram, giving a total
daily production of 26 x 101" E. coli.
The livestock population consists mainly of

4 X 106 cattle, 40 X 106 poultry, and 5 X 106
pigs (13). Assuming that the average daily feces
production per animal for cattle is 200 g, for
poultry 20 g, and for pigs 100 g, the total daily
production by animals amounts to 21 x 101s
E. coli. This estimation indicates that roughly
equal numbers of E. coli are voided by the human
and animal populations. These bacteria are
partly collected in the sewage systems and led
into the sewage plants where their number is
reduced by a factor of 10 to 100 (Kampelmacher
and Van Noorle-Jansen, in press). The effluent
water is ultimately carried off into the surface
waters. It is not known to what extent these
bacteria are resistant and whether they originate
from humans or animals. Occurrence of resistant
bacteria depends on whether such bacteria are
selected. Selection of resistant E. coli is a conse-
quence not only of the nonmedical use but
certainly also of the medical use of antibiotics,
particularly in hospitals (4, 14, 16).

It has been suggested (1) that livestock is
important for man as a source of bacteria with
transferable drug resistance. The importance of
this source cannot be estimated in retrospect.
It only is possible to ascertain whether foods of
animal origin (meat and meat products) represent
an important source of infection with R+ E. coli.
During the process of slaughtering, fecal con-
tamination of the carcasses cannot be prevented.
It is, therefore, quite possible that E. coli is
transmitted to the human consumer through meat
and meat products (17), in the same way as
Salmonella organisms.

In the present investigation, we tested whether
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there is any difference in the prevalence of resist-
ant, possibly R+, E. coli between meat-consuming
individuals and those not consuming meat. The
latter group consisted of vegetarians who do not
consume meat but usually do consume other
products of animal origin, such as milk, cheese,
and eggs. Among them was a small group of
vegans who abstain from all products of animal
origin. Also, a number of babies born at home
and below the age of 6 months were investigated
since their food is pasteurized and intrinsically
free from Enterobacteriaceae.

MATERIALS AND METHODS
Fecal samples from persons belonging to one of the

following classes were investigated: (i) adult non-
vegetarians (military kitchen personnel with no per-
sonal details available and office employees who had
no contacts with animals and had not been hospital-
ized or treated with antibiotics during the previous 3
months), and (ii) adult vegetarians and babies below
the age of 6 months (mainly single vegetarians and
only a few vegetarian families who had not been
hospitalized or treated with antibiotics during the
previous 3 months and babies below the age of 6
months who had been born at home and were living
at home).

Examination of feces. Rectal swabs were examined
by means of technique A. Fecal specimens were also
examined with technique B. Technique A consisted of
rubbing the cotton swab soiled with feces over the
surface of two deoxycholate-lactose-agar plates (DC;
P. A. M. Guin&e, Ph.D. Thesis, Univ. of Utrecht,
1963) and a peptone-free nutrient agar plate. One of
the DC plates was to show whether the specimen con-
tained about normal numbers of E. coli bacteria; in all
instances, confluent growth was obtained. Discs con-
taining different drugs were placed on the surfaces of
the two other plates. Amounts were: streptomycin,
200 ,ug; tetracycline, 50 Mg; chloramphenicol, 50 ,ug;
nitrofuran, 200 Ag; kanamycin, 50 Ag; and ampicillin,
50 Mg.
The plates were read after overnight incubation at

37 C. Colonies growing within the inhibition zones
were purified on DC plates supplemented with the
drug concerned and were then identified. If these
colonies (strains) belonged to the Enterobacteriaceae
or Pseudomonas (as was nearly always the case), their
sensitivity to the above-mentioned drugs was tested.
If a strain was identified as E. coil, its 0 and K anti-
gens were identified with the usual methods (5, 11).
We used the standard 0 sera 1-149 and, in addition,
the sera OX1-0X1, (6), OX14-OX44 (7), and 02or-
0212 (P. A. M. Guinee, Ph.D. Thesis, Univ. of Utrecht,
1963).

Technique B was used to measure the proportion of
tetracycline-resistant E. coli in fecal specimens. About
1 g of feces was diluted to 10-7 with saline. A 0.1-ml
amount of these dilutions was spread on DC with and
without 30 ug of tetracycline per ml (DCI). After
overnight incubation at 37 C, the number of colonies
on suitable plates was counted, and the proportion of

tetracycline-resistant E. coli was determined. E. coli
colonies, with a maximum of 10, and colonies belong-
ing to other genera of the Enterobacteriaceae, with a
maximum of 2, were picked from a DCI and further
investigated as described above.

Transfer of reistance. Two strains of each E. coli
serotype with identical antibiogram and, when present,
two strains per genus of other Enterobacteriaceae were
selected per specimen of feces. They were tested for
resistance transfer to E. coil K-12 F-, since this strain
is considered to be the best recipient for R factors (21).
We used a nalidixic acid-resistant (Nalr) mutant of
E. coli K-12 F-, strain W3110, to facilitate the selec-
tion of R+ recipient cells from the conjugation mix-
ture. In addition, each presumptive donor strain was
crossed with a strain of Salmonella typhimurium
(strain 12) and S. panama (strain S. p47; reference 8).
To test the transfer of resistance, 5 ml of overnight
broth culture of donor and recipient were mixed. The
mixture was incubated at 37 C overnight. When E.
coil K-12 Nalr was used as recipient, a loopful of the
mating mixture was streaked on a series of DC plates
containing 50,ug of nalidixic acid per ml as well as each
separate drug to which the donor culture to be tested
was resistant. When Salmonella was the recipient, we
selected on similarly supplemented Brilliant Green-
phenol red-agar prepared in this laboratory (3).
Colonies growing on the selective plates were purified
and identified, and their drug sensitivity was tested by
the disc method; if the recipient was S. panama, they
were phage-typed (9). In this way, we tested only for
complete, transferable R factors and not for extra-
chromosomal resistance genes without a transfer
factor.

RESULTS
Adult nonvegetarians :miNitary kitchen per-

sonnel. Although we had no information regarding
possible antibiotic treatment or hospitalization,
material from military kitchen personnel was
included in this investigation to make possible a
comparison with results obtained in 1961 with
material of a similar military group. One specimen
per person from 400 persons was investigated
with techniques A and B. The investigation was
done with four groups of 100 each during the
autumn of 1968, and during winter, spring, and
summer of 1969. The numbers of specimens
yielding resistant E. coli were 50, 32, 38, and 59,
respectively. The total number of specimens
yielding resistant E. coli was 179 (45%); those
with R factor-carrying E. coli totalled 112 (28%).
No enterobacterium other than E. coli transferred
its resistance. The results, together with those
obtained in other groups, are presented in Table
1. To enable comparison, Table 1 has been
marked off to the number of specimens tested
per person and the techniques employed, since
these are different in the various groups. Also
in Table 1 are presented the results of an in-
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TABLE 1. Incidence of resistant and R+ Escherichia coli in nonvegetarians, vegetarians, and babies below
the age of 6 months

Technique A, Technique A Technique A, Technique A and B,
No. of I specimena and B. 1 specimena 2 specimensa 2 specimensa

Subjects peopleinvesti-
gated Resist- Resis- Resis- Resis-

ant R factor tant R factor ant R factor tant R factor
E. coli E. coli E. coli E. coli

Military kitchen personnel
(1960-1961).100 19

Military kitchen personnel
(1968-1969).. 400 38 25 (18)b 45 28 (21)

Office employees (1968-
1969) . 86 23 9(8) 31 16(16) 34 13 (12) 38 22(21)

Vegetarians (1968-1969) 77 36 24(9) 44 26(10) 49 35(14) 52 36(16)
Babies below the age of 6
months living at home. 87 32 18 (8) 49 31(16)

a Values indicate per cent with resistant E. coli or R factors.
b Twenty five per cent yielded one or more E. coli strains which transferred their resistance to E. coli

K-12 F- W 3110 Nalr; 18% yielded strains which transferred their resistance also to S. typhimurium, S.
panama, or both.

vestigation carried out in 1961 of 100 military
personnel, however, without resistance transfer
experiments. We found 19 positive specimens in
1961; the proportion of positive samples in
1968-1969 was considerably higher.
Nonvegetarians: office employees. The 86

people examined possessed no pet animals and
had no contact with animals whatsoever; they
had not been treated with antibiotics nor had
they been in the hospital during the previous 3
months. All volunteers sent two specimens each,
with an interval of 3 to 8 weeks, which were
examined with techniques A and B: 33 (38%)
yielded resistant E. coli; 19 (22%) yielded one
or more E. coli strains with transferable resist-
ance (Table 1). No other enterobacterium with
functional R factors was found. The investigation
took place from September 1968 until May 1969;
no seasonal influences could be observed.

Vegetarians: adults. The majority of them were
lacto-vegetarians; a few were vegans, i.e., they
abstained from all food of animal origin. Most
of them were single; only a few vegetarian families
were included. Seventy-seven persons sent two
specimens each, which were tested with tech-
niques A and B. Forty people (52%) yielded
resistant E. coli; 27 persons harbored E. coli,
and one person Proteus mirabilis, with a functional
R factor. The percentage of people carrying
transferable R factors was 36 (Table 1). The
investigation was carried out from January to
June 1969; no seasonal influences could be ob-
served. The volunteers informed us that none
of them had undergone hospitalization or anti-
biotic treatment during the 3 preceding months.

Some of them possessed pet animals; we found
no association between the presence of pets on
the one hand and the incidence of resistant E. coli
in its owners on the other (Table 2).

Vegetarians: babies under the age of 6 months.
Two rectal swabs per baby were obtained from
87 babies living at home, with an interval of 4
to 12 weeks between specimens, and tested with
technique A; forty-three (49%) yielded resistant
E. coli; 27 (31 %) yielded E. coli carrying a func-
tional R factor (Table 1). From many children,
resistant enterobacteria other than E. coli were
isolated; none of these strains transferred its
resistance.
None of these babies had been living in a

nursery or a hospital. Five were treated with
ampicillin during the period of observation.
Three of these yielded no resistant E. coli; two
excreted ampicillin-resistant E. coli, but this
resistance was not transferable. Ten of the 87
babies were breastfed; eight of them had no
resistant E. coli, and two yielded resistant E. coli
but the resistance was not transferable to E. coli
K-12 F-.

Ratio of Tcr E. coil versus total number of
E. coli. Employment of technique B permitted
only a semiquantitative estimation of the tetra-
cycline-resistant (Tcr) E. coli versus the total
number of E. coli. The results are shown in
Fig. 1.

Characteristics of the isolated R factors. Many
specimens, particularly those obtained from
babies, yielded resistant enterobacteria other
than E. coli. Only a few of these strains, even
when resistant to four or more drugs, transferred
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their resistance. Two R factor-carrying strains
were considered identical if the R factors con-
cerned were carried by E. coli strains which had
the same 0 and K antigen and if R factor transfer
to S. panama 47 resulted in the same changes in
the phage pattern of the recipient strain (10).

TABLE 2. Incidence of resistant Escherichia coli in
vegetarians in relation to the presence of

pet animals

Pet Pet
Determination animals animals Total

present not present

No resistant E. coli. 11 26 37
Resistant E. coli........ 7 33 40
Total .................. 18 59 77

Military LO percentage
personnel (400) )* 36
specimens 20 27
yieding
Tcr'E.coli (163)

O

Office
employees (86)
specimens
yielding
Tcr E.coli (l3)

Vegetarians(77'
specimens
yielding
Tcr E.coti (64)

40 .

.10

9

20 7iRbl|-
,xLO~~~~4

n S I I.-I.E

1 i104 lxtr2 xo3hl4bd6 lxtV4 1x107
Ratio of Tcr E.coli/

total number of E.coli

)* 33: actual number of specimens
FIG. 1. Number of specimens yielding a given ratio

ofTcr E. coli per total number ofE. coli.

Identical R+ strains were encountered sporad-
ically. Of all the resistant E. coli strains isolated,
62% transferred one or more of their resistance
characters, depending on the method of selection.
We found no transferable nitrofuran resistance,
kanamycin resistance was sporadically transfera-
ble, and tetracycline resistance was most fre-
quently transferable (Table 3).

DISCUSSION
If transport of resistant E. coli from animals

to the human consumer through meat and meat
products had been the most important mechanism
in regard to the incidence of resistant E. coli in
man, we would have found a lower percentage
with resistant E. coli in vegetarians than in non-
vegetarians. Table 1 indicates the contrary: the
percentage with resistant E. coli in the group of
vegetarians is larger than in the group of meat-
eating office employees. The percentage with
resistant E. coli in the group of babies was about
equal to that of vegetarians and higher than in
the group of nonvegetarian office personnel.
The percentages of babies with resistant or R+
E. coli, respectively, were lower than those re-

ported by Moorhouse (15)-71 and 68%, but
not all children in the latter study were below the
age of 6 months. There was no association be-
tween the occurrence of resistant E. coli and
antibacterial therapy. One must assume that
these babies acquired the resistant organisms
from their parents or other adults at home. The
strains might still have originated from food of
animal origin. However, the presence of resistant
E. coli in vegetarians cannot be explained in this
way. Foodstuffs of animal origin consumed by
them (milk, cheese, eggs) are generally free from
Ezterobacteriaceae. Also, the presence of pet
animals does not explain the presence of resistant
E. coli.
The data presented here do not permit a

conclusion about the importance of foods of

TABLE 3. Transferable resistance characters of R+ strains isolated from nonvegetarians, vegetarians,
and babies

Resistance determinants transferable to
No. of R E. coli K-12 F- W 3110 Nalr

Subjects factors
investigated Strepto- Tetra- Chlor- Kana- Amii-

mycin cycline amphenicol mycin cillsn

Military kitchen personnel (1968-1969) 124 82 121 27 4 17
Office employees (1968-1969).20 8 19 2 0 0
Vegetarians (1968-1969).32 15 29 10 7 7
Babies below the age of 6 months.28 22 9 7 6 7

Total.204 127 178 46 17 31
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animal origin as a source of infection with re-
sistant E. coli in man. In our material, other
factors apparently prevail over a possible effect
of meat and meat products.

Further work should determine to what extent
humans and animals are responsible for the
environmental pollution and whether the ecology
of resistant E. coli can be influenced by such
measures as restriction of the use of antibiotics
and improvement of sewage purification.

ACKNOWLEDGMENT

Information on the food and possible treatment of the babies
in the study was obtained through the courtesy of two health
centers.

LITERATURE CITED

1. Anderson, E. S. 1968. Drug resistance in Salmonella typhi-
murium and its implications. Brit. Med. J. 3:333-339.

2. Bulling, E., M. Scholtz, and D. S. Malla. 1968. Antibiotika
Resistenz von Enterobakterien aus Tiermaterial und
Versuche zurObertragung der Mehrfachresistenz in vitro.
Berlin. Muenchen. Lieraerztl. Wochenschr. 81:151-153.

3. Comparative studies into isolation of Salmonella from minced
meat in 5 laboratories. Report from a working group. 1967.
Zentralbl. Bakteriol. Parasitenk. Infektionskr. Hyg. Abt.
Orig. 204:100-111.

4. Datta, N. 1969. Drug resistance and R-factors in the bowel
bacteria of London patients before and after admission to
hospital. Brit. Med. J. 2:407-411.

5. Edwards, P. R., and W. H. Ewing. 1964. Identification of
Enterobacteriaceae. Burgess Publishing Co., Minneapolis.

6. Ewing, W. H., H. W. Tatum, B. R. Davis, and R. W. Reavis.
1956. Studies on the serology of the Escherichia coli group.
U. S. Public Health Service, Communicable Disease
Control.

7. Glantz, P. J. 1968. Identification of unclassified Escherichia
coli strains. Appl. Microbiol. 16:417-418.

8. Guin&, P. A. M. 1968. R transfer to S. panama in vitro and

in vivo. Antonie van Leeuwenhoek J. Microbiol. Serol.
34:93-98.

9. Guin6e, P. A. M., and R. T. Scholtens. 1967. Phage-typing
of Salmonella panama according to the method of Craigie
and Yen. Antonie van Leeuwenhoek J. Microbiol. Serol.
33:25-29.

10. Guinee, P. A. M., R. T. Scholtens, and H. M. C. Willems.
1967. Influence of resistance-factors on the phage types of
Salmonella panama. Antonie van Leeuwenhoek J. Micro-
biol. Serol. 33:33-40.

11. Kauffmann, F. 1966. The bacteriology of Enterobacteriaceae.
Munksgaard-Copenhagen.

12. Lebek, G. 1963. Uber die Entstehung Mehrsichreestafnter
Salmonellen. Ein experimenteller Beitrag. zentralbl.
Bakteriol Parasitenk Infectionskr. Hyg. Abt. Orig. 189:494-
505.

13. Maandstatistiek van de landbouw. 1970. 18:8.
14. Mitsuhashi, S., H. Hashimoto, R. Egawa, T. Tanaka, and

Y. Nagai. 1967. Drug resistance of enteric bacteria. IX.
Distribution of R factors in gram-negative bacteria from
clinical sources. J. Bacteriol. 93:1242-1245.

15. Moorhouse, E. C. 1969. Transferable drug resistance in
enterobacteria isolated from urban infants. Brit. Med. J.
2:405-407.

16. Moorhouse, E. C., and L. Mckay. 1968. Hospital study of
transferable drug resistance. Brit. Med. J. 2:741-742.

17. Moorhouse, E. C., M. F. O'Grady, and H. O'Connor. 1969.
Isolation from sausage of antibiotic-resistant Escherichia
col with R-factors. Lancet 5:50-52.

18. Smith, H. W., and W. E. Crabb. 1957. The effect of the con-

tinuous administration of diets containing low levels of
tetracyclines on the incidence of drug-resistant Bacterium
coli in the faeces of pigs and chickens: the sensitivity of the
Bacterium coli to other chemotherapeutic agents. Vet.
Rec. 12:24-30.

19. Smith, H. W., and S. Halls. 1966. Observations on infective
drug resistance Britain. Brit. Med. J. 1:266-269.

20. Walton, J. R. 1966. Infectious drug resistance in Escherichia
coli isolated from healthy farm animals. Lancet 10:1300-
1302.

21. Watanabe, T. 1963. Infective heredity of multiple drug
resistance in bacteria. Bacteriol. Rev. 27:87-115.

VOL. 20, 1970 535


